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(57) ABSTRACT

A field device includes a sensor configured to detect a
physical quantity and to output the physical quantity as a
sensor signal, a signal processor configured to process the
sensor signal and to output the sensor signal as a processing
result signal, a calculation processor configured to calculate
output value data based on the processing result signal, an
outputter configured to output the output value data to the
outside, and a wavelorm acquirer configured to store wave-
form data of at least one signal among the sensor signal, the
processing result signal, and a processing process signal that
1s a signal 1n a processing process in the signal processor,
wherein the calculation processor 1s configured to acquire
the wavelorm data from the waveform acquirer and to
output the wavetorm data via the outputter.

17 Claims, 13 Drawing Sheets
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FIELD DEVICE, SYSTEM, AND WAVEFORM
DATA OUTPUT METHOD

BACKGROUND

Technical Fields

The present 1nvention relates to a field device, a system,
and a waveform data output method.

Priority 1s claimed on Japanese Patent Application No.
2017-168990, filed Sep. 1, 2017, the contents of which are
incorporated herein by reference.

Related Art

In the related art, there 1s a field device configured to
detect a physical quantity and output data on the physical
quantity from an output circuit. Here, the physical quantity
can be qualities of various types. For example, a flow rate,
a temperature, a pressure, and the like of a fluid used 1n plant
control may be exemplified. For example, such a field device
digitizes an electrical signal detected using a sensor and
obtains an output value by performing a calculation process
as necessary based on the digital signal.

In Japanese Unexamined Patent Application Publication
No. 2001-153698, a configuration example of a vortex
flowmeter which 1s one type of field device 1s disclosed. In
particular, FIG. 1 1n Japanese Unexamined Patent Applica-
tion Publication No. 2001-153698 shows a functional block
diagram of a vortex flowmeter.

A vortex tlowmeter generally has the following configu-
ration. That 1s, a vortex shedder bar 1s disposed so that a flow
of a fluid 1s blocked. According to the tlow of the fluid, a
Karman vortex corresponding to a flow rate 1s generated
behind (on the downstream side of) the vortex shedder bar.
The vortex flowmeter counts the Karman vortexes and
converts the count value into a flow rate. As a more specific
configuration example, in a vortex tlowmeter, a piezoelectric
clement may be used as a unit for detecting an alternating lift
that 1s generated by the Karman vortex. The charge signal
detected by the piezoelectric element 1s converted nto a
voltage signal by a charge amplifier and 1s subjected to
analog to digital conversion. Then, based on the digitally
converted signal, a vortex signal (similar to a sine wave) 1s
extracted by signal processing performed by a frequency
analyzer. The extracted vortex signal 1s pulsed by a Schmaitt
trigger circuit and a count circuit counts the number of
pulses within a predetermined time. Then, a microprocessor
(central processing unit (CPU)) performs frequency calcu-
lation, flow rate calculation, correction calculation, and the
like based on data on the number of pulses per unit time.
Then, a signal representing a numeric value of a calculation
result from the microprocessor 1s converted into a desired
form 1n the output circuit and output.

In a vortex flowmeter that 1s directly attached to a pipe in
a plant facility or the like, due to piping vibration, other
mechanical vibrations, shaking caused by a processing fluid,
clectrical noise, and the like, an output tlow rate may differ
from an expected value and a flow rate may not be stable 1n
many cases. In that case, not only a final output value, but
also a vortex waveform detected by the vortex flowmeter 1s
directly observed and a failure analysis may be desired
therefor. In this case, in order to check the state of the
detected vortex wavelorm or pulse signal, a measurement
istrument such as an oscilloscope 1s connected to an
observation terminal provided in the device.
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In addition, in not only a vortex flowmeter but also a field
device generally, 1t 1s desired to directly observe not only the
final output value but also wavetforms of various signals 1n
the processing process 1n some cases.

In order to observe a signal wavelorm inside a field
device, a measurement instrument such as an oscilloscope 1s
necessary. However, in general, since a measurement instru-
ment such as an oscilloscope 1s expensive, it 1s not neces-
sarily provided by a user. When a field device 1s 1nstalled 1n
a recessed place, 1t may be diflicult for a person to perform
an operation by bringing an oscilloscope or the like close to
the field device. In addition, a place 1n which the field device
1s used may be an explosion-proof area in many cases, and
when a measurement mstrument such as an oscilloscope 1s
a non-explosion proof device, 1t 1s not possible to bring 1t
into that place. In such a case, 1t 1s very diflicult to connect
an oscilloscope to the field device and check a signal
wavelorm using an oscilloscope or the like 1n a site 1n which
the field device 1s installed.

Even 1f a field device 1s a vortex flowmeter, for the same
reason, there may be a situation 1n which it 1s diflicult to
observe a vortex waveform by bringing an oscilloscope or
the like into the site mm which the vortex flowmeter 1s
installed.

SUMMARY

A field device may include a sensor configured to detect
a physical quantity and to output the physical quantity as a
sensor signal, a signal processor configured to process the
sensor signal and to output the sensor signal as a processing,
result signal, a calculation processor configured to calculate
output value data based on the processing result signal, an
outputter configured to output the output value data to the
outside, and a wavetorm acquirer configured to store wave-
form data of at least one signal among the sensor signal, the
processing result signal, and a processing process signal that
1s a signal 1n a processing process in the signal processor,
wherein the calculation processor 1s configured to acquire
the wavelorm data from the wavelorm acquirer and to
output the wavelorm data via the outputter.

Further features and aspects of the present disclosure waill
become apparent from the following detailed description of
exemplary embodiments with reference to the attached
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram showing a schematic functional
confliguration of a measurement system according to a {first
embodiment of the present invention.

FIG. 2 1s a flowchart showing a processing procedure for
a CPU 1 a field device according to the first embodiment to
acquire wavelorm data.

FIG. 3 1s a flowchart showing a processing procedure 1n
which a waveform acquisition memory according to the first
embodiment acquires wavelorm data and stores 1t 1n a
memory.

FIG. 4 15 a block diagram showing a schematic functional
configuration of a portable terminal 8 according to the first
embodiment.

FIG. 5A shows schematic diagrams of modes of a network
connection between devices constituting the measurement
system according to the first embodiment.

FIG. 5B shows schematic diagrams of modes of a network
connection between devices constituting the measurement
system according to the first embodiment.
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FIG. 6 shows timing charts of sequences of communica-
tion data that 1s exchanged between a signal processor 20
and a wavelorm acquisition memory 40 by the CPU accord-
ing to the first embodiment.

FIG. 7 shows timing charts of sequences of communica-
tion data that 1s exchanged between the CPU according to
the first embodiment and a host device.

FIG. 8 1s a sequence chart showing communication
sequences between the portable terminal according to the
first embodiment and a field device.

FI1G. 9 shows timing charts of timings of signals when the
field device according to the first embodiment outputs a
process value.

FIG. 10 shows timing charts of timings of signals when
the field device according to the first embodiment outputs
wavelorm data. FIG. 11 1s a block diagram showing a
schematic functional configuration of a measurement system
according to a second embodiment.

FIG. 12 1s a block diagram showing a schematic func-
tional configuration of a measurement system according to
a third embodiment.

FIG. 13 1s a block diagram showing a schematic func-
tional configuration of a measurement system according to
a fourth embodiment.

FIG. 14 1s a block diagram showing a schematic func-
tional configuration of a measurement system according to
a fifth embodiment.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

L1

The embodiments of the present invention will be now
described herein with reference to illustrative preferred
embodiments. Those skilled 1n the art will recognize that
many alternative preferred embodiments can be accom-
plished using the teaching of the present invention and that
the present invention 1s not limited to the preferred embodi-
ments 1llustrated herein for explanatory purposes.

An aspect of the present invention 1s to provide a field
device, a system, and a waveform data output method which
can easily acquire waveform data representing a signal
wavelorm 1nside a field device even when it 1s dithicult to
perform an operation close to the field device or even when
it 1s diflicult to directly connect a measurement instrument
such as an oscilloscope to the field device.

Embodiments of the present invention will be described
below with reference to the drawings.

First Embodiment

FIG. 1 15 a block diagram showing a schematic functional
configuration of a measurement system according to the
present embodiment. As shown 1n FIG. 1, the measurement
system 1ncludes a field device 1, a portable terminal 8, and
a control system 9. Here, the measurement system may
further include other devices. Thus, the field device 1
includes a sensor 10, a signal processor 20, a multiplexer
(MUX) 30, a wavelorm acquisition memory 40, a CPU 50,
and an output circuit 60. These functional units are realized
using, for example, an electronic circuit. In addition, the
functional units may include a storage unit such as a
semiconductor memory as necessary therein. Here, the
wavelorm acquisition memory 40 1s also called a “waveform
acquirer.” In addition, the CPU 50 1s also called a *“calcu-
lation processor.” In addition, the output circuit 60 1s also
called an “‘outputter.” Functions of respective units shown
here will be described as follows.
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Here, data representing a waveform of a signal may be
referred below to as “waveform data” or “data regarding a
wavelorm.” The wavelorm data 1s expressed as a series of
signal waveform sample values at sampling points. That 1s,
one signal waveform data 1s time-series numeric value data.

The field device 1 1s a device that detects a physical
quantity, performs a calculation based on the physical quan-
tity as necessary, and outputs data regarding the physical
quantity or a calculation result. In addition, the field device
1 according to the present embodiment outputs signal wave-
form data in a processing process before output data (a
process value) 1s obtained. Here, while only one field device
1 1s shown 1n the drawing, the measurement system may
include a plurality of field devices 1.

The portable terminal 8 1s a terminal device configured to
receive data from the field device 1. The portable terminal 8
1s realized using, for example, a personal computer, a
smartphone, a tablet terminal, a watch type terminal, or a
wearable terminal.

The control system 9 i1s also a terminal device configured
to recerve data from the field device 1. The control system
9 1s realized using, for example, a personal computer or a
server type computer. The control system 9 may be a system
constituted by connecting a plurality of devices.

While both the portable terminal 8 and the control system
9 are shown 1n FIG. 1, the measurement system may include
only either of the portable terminal 8 and the control system
9.

The portable terminal 8 and the control system 9 are also
called an “external device” which indicates a device pro-
vided outside the field device 1. The portable terminal 8 and
the control system 9 each include a CPU and the CPU can
execute a program. The program has a function of receiving
data (process value data and waveform data) transmitted
from the field device 1 and a function of drawing a wave-
form representing the received wavelorm data on a screen.
The wavetorm data output from the field device 1 1s time-
series numeric value data. The program has a function of
reproducing an original signal wavetform and displaying 1t
on a screen based on the time-series numeric value data.

Next, functions of respective units included 1n the field
device 1 will be described.

The sensor 10 detects a physical quantity or a physical
condition and outputs it as an electrical signal (sensor
signal). The sensor 10 may have an A/D conversion (analog-
to-digital) function. While the sensor 10 outputs a digitized
clectrical signal in the present embodiment, a sensor con-
figured to output an analog signal before digitization may be
used.

The signal processor 20 appropriately processes a signal
output from the sensor 10 and outputs a desired signal
(processing result signal). The signal processor 20 of the
present embodiment uses a plurality of stages in the pro-
cessing process and can output a signal 1n each of the stages.
As an example, when the signal processor 20 performs
signal frequency analysis processing and a Schmitt trigger
circuit 1s provided after the frequency analysis processing
function, 1t 1s possible to deliver a signal output in the
frequency analysis processing to the multiplexer 30.

The multiplexer (MUX) 30 receives a signal output from
the sensor 10 and a signal output from the signal processor
20, multiplexes these signals, and supplies the result to the
wavelorm acquisition memory 40. In the present embodi-
ment, the multiplexer 30 receives signals from a plurality of
units 1 the signal processor 20. However, some of lines
(FI1G. 1) mput to the multiplexer 30 may be omitted. That 1s,
the multiplexer 30 receives a plurality of signals among a
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sensor signal output from the sensor 10, a processing result
signal output from the signal processor 20, and a processing
process signal which 1s a signal in the processing process of
the signal processor 20, multiplexes these plurality of sig-
nals and delivers the result to the waveform acquisition
memory 40. A signal of “signal selection” received by the
multiplexer 30 from the CPU 30 indicates an nput signal
selected at that time. When the signal of “signal selection”
1s sequentially changed at predetermined time intervals, the
multiplexer 30 multiplexes iput signals. Here, when the
signal of “signal selection”™ 1s mstructed for certain signals
among 1nput signals, only these certain signals can be
selected, multiplexed and output. In addition, all signals
input to the multiplexer 30 may be always multiplexed and
output.

Here, the field device 1 may not include the multiplexer
30. When there 1s only one signal line that the waveform
acquisition memory 40 acquires, there 1s no need to provide
the multiplexer 30.

The wavetform acquisition memory 40 acquires a signal
from the upstream side (for example, from the multiplexer
30) and stores data of the signal waveform. The wavelform
acquisition memory 40 includes a storage unit 1tself (such as
a semiconductor memory) configured to store data and a
control unit configured to control the storage unit. The
control unit has a function of receiving data from the outside
and writing the data in the storage unit, and reading data
from the storage unit and delivering the data to the outside.
In addition, the waveform acquisition memory 40 may
acquire a plurality of multiplexed signals and store data of
the plurality of signal waveforms. That 1s, the waveform
acquisition memory 40 has a demultiplexing function
theremn. Data that the wavelorm acquisition memory 40
stores 15 a time-series numeric value for each signal. An
original waveform can be reproduced based on the time-
series numeric value data. The wavelform acquisition
memory 40 can output wavelorm data of an arbitrary signal
from an arbitrary time point based on a signal read from the
outside (for example, from the CPU 50). In addition, the
wavetorm acquisition memory 40 can receive setting of a
tetch cycle of wavetorm data based on a control signal from
the outside (for example, from the CPU 50). This fetch cycle
1s a cycle during which the CPU 50 fetches waveform data
from the wavetorm acquisition memory 40. In addition, the
wavelorm acquisition memory 40 can control starting or
ending of capturing waveform data based on a control signal
from the outside (for example, from the CPU 50).

The CPU 50 performs a predetermined calculation based
on a signal output from the signal processor 20 or using
parameter values set in advance as necessary, and delivers
numeric value data (output value data and process value) of
a calculation result to the output circuit 60. As an example,
when the field device 1 1s a vortex flowmeter, the CPU 50
computes a numeric value of a flow rate of a tluid based on
a count value of a pulse (a pulse corresponding to a cycle of
a Karman vortex) output from the signal processor 20 and
parameter values (for example, values related to a size and
a shape of a flow path).

In addition, the CPU 50 transmits a control signal or a
command to the waveform acquisition memory 40 and
tetches wavetform data (fetched data) from the waveform
acquisition memory 40.

In addition, the CPU 50 receives a command from an
external device through the output circuit 60 and transmits
the process value data and waveform data to the external
device through the output circuit 60 1n response to the
command.
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In addition, the CPU 350 may transmit a signal for instruct-
ing that the waveform acquisition memory 40 start or stop
acquiring ol wavelorm data. In addition, the CPU 50 may
transmit a signal for instructing setting of a fetch cycle of
wavelorm data to the waveform acquisition memory 40.

A procedure of exchanging data between the CPU 50 and
a peripheral functional unit or a circuit will be described
below with reference to another drawing.

The output circuit 60 1s a circuit having a function of a
communication interface for an external device.

The output circuit 60 transmits data (output value data and
wavelorm data) delivered from the CPU 50 to the portable
terminal 8 or the control system 9. In addition, the output
circuit 60 includes “communication receiver” (not shown)
therein and receives a command from the portable terminal
8 or the control system 9 and delivers the command to the
CPU 50. Exchange of bidirectional communication through
the output circuit 60 will be described below 1n detail. Here,
the output circuit 60 may have a function of outputting an
output value according to the standard 4-20 mA.

FIG. 2 1s a flowchart showing a processing procedure for
the CPU 350 1n the field device 1 to acquire wavetorm data.
The flowchart will be described below.

In Step S11, the CPU 30 transmits a wavelorm data
acquisition command to the wavelorm acquisition memory
40. The waveform acquisition memory 40 receives the
wavelorm data acquisition command. The wavelorm data
acquisition command 1s a command for 1nstructing that the
wavelorm memory 40 acquire wavelorm data.

In Step S12, the wavelorm acquisition memory 40
acquires data into the waveform acquisition memory based
on the wavelorm data acquisition command. Specifically,

the wavelorm acquisition memory 40 acquires wavelorm
data from the multiplexer 30. In other words, the CPU 50
calls a function of data acquisition on the side of the
wavelorm acquisition memory 40. Here, details of the
process 1n this step will be described below with reference
to FIG. 3.

In Step S13, the CPU 50 checks a status of the waveform
acquisition memory 40. When the status of the wavetorm
acquisition memory 40 1s “busy” (that 1s, access 1s not
possible), the process advances to Step S14. When the status
of the waveform acquisition memory 40 1s “not busy’ (that
1s, access 1s possible), the process advances to Step S15.
Here, as will be described below, the status 1s “busy” during
the process in which the waveform acquisition memory 40

stores data 1n the memory.

When the process advances to Step S14, the CPU 50 waits
for a predetermined time 1n Step S14. After that time, the
process returns to Step S13.

When the process advances to Step S13, the CPU 50
transmits an acquired waveform fetch command to the
wavelorm acquisition memory 40 i Step S15. The wave-
form acquisition memory 40 receives the acquired wave-
form fetch command. In other words, the CPU 50 1ssues an
instruction to start fetch of wavetorm data from the wave-
form acquisition memory 40.

In Step S16, the CPU 50 receives the acquired wavelform
data from the wavelorm acquisition memory 40. In other
words, acquired data i1s transiferred from the wavelorm
acquisition memory 40 to the CPU 50. When the process 1n
this step ends, the field device 1 ends all processes 1n this
flowchart.

According to the above process, the data acquired by the
CPU 50 can be transmitted from the output circuit 60 to the
outside.
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Here, when acquisition of wavelorm data in the waveform
memory 40 ends, the CPU 50 transmits a wavelorm data
acquisition end command to the waveform memory 40.

In addition, when the CPU 50 ends fetch of acquired
wavelorm data from the waveform memory 40, the CPU 50
transmits the acquired wavetorm fetch end command to the
wavelorm memory 40.

FIG. 3 1s a flowchart showing a processing procedure in
which the waveform acquisition memory 40 acquires wave-
form data and stores it in the memory. The process shown 1n
this drawing 1s a process called 1n Step S12 1n FIG. 2. The
flowchart will be described below.

In Step S21, the wavelorm acquisition memory 40
changes the status of the waveform acquisition memory 40
to “busy” (that 1s, access 1s not possible).

Next, 1n Step S22, the wavelorm acquisition memory 40
acquires wavelorm data and stores it 1n the memory. When
storing of predetermined data 1n the memory 1s completed,
the process proceeds to the next step.

Next, i Step S23, the wavelorm acquisition memory 40
changes the status of the wavetform acquisition memory 40
to “not busy” (that 1s, access 1s possible). When the process
in this step ends, all processes in this tlowchart end.

Next, functions of the portable terminal 8 which 1s a
component of the measurement system will be described.

FIG. 4 1s a block diagram showing a schematic functional
configuration of the portable terminal 8. As shown in FIG.
4, the portable terminal 8 includes a control device 81, a
calculation device 82, a power supply device 83, a man-
machine interface 84, a device connection interface 85, and
a display device 86.

The control device 81 controls the entire portable terminal
8.

The calculation device 82 executes a given program. In
addition, the calculation device 82 receives information on
a user operation through the man-machine interface 84, and
outputs information to be presented to the user.

The power supply device 83 receives power from the
outside, and supplies power to the units of the portable
terminal 8. In addition, the power supply device 83 includes
a built-in battery, and supplies power to the units of the
portable terminal 8.

For example, the man-machine interface 84 receives a
signal according to an operation of a keyboard and a mouse
or a touch operation, and transmits the signal to the calcu-
lation device 82. In addition, the man-machine interface 84
displays information output from the calculation device 82
on the display device 86.

The device connection interface 85 can connect the por-
table terminal 8 to another device. The device connection
interface 835 performs, for example, bidirectional communi-
cation with the field device 1. According to the function of
the device connection interface 85, the portable terminal 8
can be directly connected to the field device 1 through a
signal line or the like, or can be connected to the field device
1 via a communication network.

The display device 86 displays information delivered
from the man-machine interface 84 on a screen. For
example, the display device 86 may be a liquid crystal
display device or other display units.

According to the above configuration, the portable termi-
nal 8 receives wavelorm data delivered from the field device
1 and stores the wavetorm data as necessary. In addition, the
portable terminal 8 can reproduce a waveform and display 1t
on the screen based on wavelorm data (time-series numeric
value data). A program having a function of receiving
wavelorm data and displaying the waveform on the screen
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1s stored in the internal storage unit. When the calculation
device 82 1n the portable terminal 8 executes the program,
it 15 possible to display a signal wavetform acquired in the
field device 1.

Here, while the process in which the portable terminal 8
acquires wavelorm data and displays the wavelorm has been
described, the control system 9 can perform the same
process and thus display a wavelorm.

FIG. 5A and FIG. 5B shows schematic diagrams of modes

of a network connection between devices constituting the
measurement system.

FIG. 5A shows a mode in which the field device 1, the

portable terminal 8, the control system 9 (DCS), and a
device management system 101 are connected to a local area

network (LAN) 100. Here, the plurality of field devices 1

may be provided and connected to the LAN 100. In this case,
mutual communication between the field device 1 and the
portable terminal 8 1s performed via the LAN 100. Com-

munication 1s performed using, for example, an Internet
protocol (IP), on the LAN 100.

FIG. 5B shows a mode 1n which the portable terminal 8
1s directly connected (that 1s, through a communication unit
other than the LAN 100) to one field device without the
LAN 100. In this case, mutual communication between the
field device 1 and the portable terminal 8 i1s performed
without the LAN 100. Communication can be performed
between the field device 1 and the portable terminal 8
according to, for example, a communication procedure that
1s 1ndependently determined.

Here, as described above, when an installed program 1s
executed on the side of the portable terminal 8 or the control
system 9, a wavelorm can be drawn based on waveform data
received from the field device 1 and displayed on the screen.

FIG. 6 shows timing charts of sequences of communica-
tion data that 1s exchanged between the signal processor 20
and the waveform acquisition memory 40 by the CPU 50.
FIG. 6 shows a command output from the CPU 50 and a

response (data returned to the CPU 50) to the CPU 50. In

FIG. 6, the horizontal axis represents time. FIG. 6 shows a
sequence for one calculation cycle. The CPU 50 transmits a

calculation setting command (from a calculation setting 1 to
a calculation setting n in the drawing, here, n 1s a natural
number) to the signal processor 20. In addition, the CPU 30
transmits a wavetform acquisition command to the wavetorm
acquisition memory 40. First, in the first cycle within the
calculation cycle, the CPU 50 transmits the command “cal-
culation setting 1.” In addition, 1n the first cycle, the signal
processor 20 transmits m pieces ol data from output value
calculation data 11 to output value calculation data ml to the
CPU 30 1n response to the command “calculation setting 1.”
This similarly applies hereatiter, and 1n the 1-th cycle (here,
l=1=n), the CPU 350 transmits the command *“calculation
setting 1. In addition, in the 1-th cycle, the signal processor
20 transmits m pieces of data from output value calculation
data 1: to output value calculation data mi to the CPU 50 1n
response to command “‘calculation setting 1. In cycles after
the n-th cycle, the CPU 50 transmits a wavelform acquisition
command to the waveform acquisition memory 40. In addi-
tion, 1n this cycle, the wavelorm acquisition memory 40
transmits acquired waveform data 1 to acquired wavetorm
data m to the CPU 50. Then, the cycle moves to the next
calculation cycle. Such data transmission and reception are
repeated for each calculation cycle. Accordingly, the CPU
50 acquires output value calculation data for calculating an
output value from the signal processor 20, and acquires
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wavetorm data of a signal that 1s appropnately selected by
the multiplexer 30 from the wavelorm acquisition memory

40.

FIG. 7 shows timing charts of sequences of communica-
tion data that 1s exchanged between the CPU 50 and a host
device. FIG. 7 shows a command that 1s received by the
CPU 50 from the host device and a response (data returned
to the host device) from the CPU 350 to the host device. Here,
the host device 1s, for example, the portable terminal 8 or the
control system 9. In FIG. 7, the horizontal axis represents
time. FI1G. 7 shows a sequence for one control signal update
cycle. The CPU 50 receives a data request command and a
wavelorm acquisition request command from the host
device. In addition, the CPU 50 transmits data correspond-
ing to the received command to the host device. In terms of
time, first, 1n the first cycle within the control signal update
cycle, the host device transmits a command “data request 17

to the CPU 50. The CPU 50 receives the command “data

request 1.” In addition, in the first cycle, the CPU 50
transmits a “data return 1” to the host device.

The “data return 17 1s data including an output value of
the field device 1. This similarly applies hereafter, and in the
i-th cycle (here, 1=1=n), the host device transmits a com-
mand ““data request 1” to the CPU 350. The CPU 50 receives
the command “data request 1.”” In addition, in the 1-th cycle,
the CPU 50 transmaits the “data return 17 to the host device.
In the cycle after the n-th cycle, the host device transmits an
acquired waveform request command to the CPU 50. The
CPU 50 receives the acquired wavelform request command.
In addition, 1 this cycle, the CPU 50 transmits data
“acquired waveform return” to the host device. The data
“acquired wavetorm return” includes a set of numeric value
data representing a wavetorm of a selected signal. Thereby,
the host device can acquire the output value from the field
device 1 and acquire wavetorm data of the appropnately
selected signal. In addition, the host device can draw the
signal waveform on the screen using received waveiorm
data.

FIG. 8 1s a sequence chart showing s communication
sequences between the portable terminal 8 and the field
device 1. In FIG. 8, the vertical axis represents time. Here,
a communication receiver in FIG. 8 1s a functional unit
included 1n the field device 1, but the communication
receiver 1s not shown in FIG. 1. Heremnafter, the sequence
chart will be described below.

First, 1n Step S31, the portable terminal 8 (host device)
transmits a wavelorm request command (an acquired wave-
form request 1n FIG. 7) to the field device 1. The commu-
nication receiver of the field device 1 receives a communi-
cation signal including the command.

Next, i Step S52, the communication recerver of the field
device 1 demodulates the communication signal imncluding
the wavelorm request command.

Next, 1n Step S53, the CPU 50 that has interpreted the
wavelorm request command transmits a read request (a
wavetorm acquisition command 1n FIG. 6) to the waveform
acquisition memory 40. The waveform acquisition memory
40 recerves this read request.

Next, mn Step S54, the wavelorm acquisition memory 40
transmits wavetform data (acquired wavetorm data in FI1G. 6)
to the CPU 30 1n response to the read request received in
Step S53. The CPU 50 outputs the received wavetorm data
from the output circuit 60.

Next, i Step S535, the output circuit 60 modulates the

communication signal so that wavetorm data delivered from
the CPU 50 1s included.
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Then, 1n Step S56, the output circuit 60 transmits the
communication signal modulated 1n Step S55 to the portable
terminal 8. That 1s, the output circuit 60 transmits waveform
data (acquired wavelorm return in FIG. 7) to the portable
terminal 8.

As above, according to the series of processes from Step

S51 to S56, the portable terminal 8 acquires wavelorm data
from the field device 1.

Then, processes after Step S37 are processes for the
portable terminal 8 to acquire a process value.

In Step S57, the portable terminal 8 transmits a command
ol a process value request (one request from a data request
1 to a data request n 1mn FIG. 7) to the field device 1. The

communication receiver of the field device 1 receives a
communication signal including the command.

Next, 1n Step S58, the communication receiver of the field
device 1 demodulates the communication signal imncluding
the process value request command. The CPU 50 that has
interpreted the process value request command outputs the
computed process value to the output circuit 60.

Next, in Step S39, the output circuit 60 modulates the
communication signal using process value data delivered
from the CPU 30.

Then, 1n Step S60, the output circuit 60 transmits the
communication signal modulated 1n Step S59 to the portable
terminal 8. That 1s, the output circuit 60 transmits a process
value data (one piece of data from a data return 1 to a data
return n 1 FIG. 7) to the portable terminal 8.

As described above, according to the series of processes
from Step S57 to S60, the portable terminal 8 acquires
process value data from the field device 1.

Next, timings of signals exchanged when the field device
1 outputs data will be described.

FIG. 9 and FIG. 10 are timing charts showing timings of
signals that are transmitted and received by components of
the field device 1. FIG. 9 shows timings of signals when the
field device 1 outputs a process value. In addition, FIG. 10
shows timings of signals when the field device 1 outputs
wavelform data. In FIG. 9 and FIG. 10, the horizontal
direction 1s the time axis. In addition, FIG. 9 and FIG. 10
show “communication between external device and output
circuit”, “communication between output circuit and CPU”,
“communication Tx between CPU and memory”, “commu-
nication Rx between CPU and memory”, and “CPU output
value calculation”. The “communication between external
device and output circuit” shows communication between an
external device (for example, the portable terminal 8) and
the output circuit 60.

Communication 1s performed using, for example, a 4-20
mA (milliampere) signal line between the external device
and the output circuit 60. The “communication between
output circuit and CPU” shows communication between the
output circuit 60 and the CPU 50.

The “communication Tx between CPU and memory”
shows communication between the CPU 350 and the wave-
form acquisition memory 40 and shows (Tx) communication
through which a signal 1s transmitted from the CPU 50 side.
The “communication Rx between CPU and memory” shows
communication between the CPU 50 and the waveform
acquisition memory 40 and (Rx) communication (that is,
transmission from the side of the wavelorm acquisition
memory 40) through which a signal 1s received from the side
of the CPU 30. The “CPU output value calculation” shows
a process of calculating an output value 1nside the CPU 50.
Heremafter, description will be provided according to time

series of the charts in FIG. 9 and FIG. 10.
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In FIG. 9, the CPU 50 calculates a process value 1n a cycle
that starts from the time t1.

In addition, mn a cycle that starts from the time {2,
communication 1s performed between the external device
and the output circuit 60, and a process value command (a
data request 1n FIG. 7 and a process value request in FIG. 8)
1s transmitted from the external device to the output circuit
60. As described above, the output circuit 60 includes a
communication receiver and the communication receiver

receives a process value command from the external device.

In addition, 1n a cycle that starts from the time t3,
communication 1s performed between the output circuit 60
and the CPU 50, and the process value command 1s deliv-
ered from the output circuit 60 to the CPU 50. In addition,
the CPU 50 delivers the process value that 1s already
computed 1n the cycle that starts from the time t1 to the
output circuit 60.

In addition, 1n a cycle that starts from the time t4,
communication 1s performed between the output circuit 60
and the external device, and a process value reply (a data
return 1 FIG. 7 and a process value data in FIG. 8) 1s
transmitted from the output circuit 60 to the external device.

Accordingly, a process for one cycle in which the process
value 1s output ends. In addition, the same process as the
process for one cycle 1s performed continuously after the
time tS. That 1s, 1n a cycle that starts from the time t5, the
same process as in the cycle that starts from the time t1 1s
performed. In a cycle that starts from the time t6, the same
process as 1n the cycle that starts from the time 12 1s
performed. In a cycle that starts from the time t7, the same
process as 1n the cycle that starts from the time t3 1s
performed. In a cycle that starts from the time t8, the same
process as 1n the cycle that starts from the time t4 1s
performed. As shown 1n FIG. 9, a period of the process 1s T
(a diflerence between an end time of process value update
that starts from the time t1 and an end time of process value
update that starts from the time t3). T 1s, for example, several
hundreds of milliseconds (within a range of 100 millisec-
onds or more and one second or less). For example, the
length of T can be preset.

In FIG. 10, in a cycle that starts from the time t21,
communication 1s performed between the external device
and the output circuit 60, and a wavelorm request command
(an acquired wavelorm request in FIG. 7 and a waveform
request 1n FIG. 8) 1s transmitted from the external device to
the output circuit 60 (communication receiver).

In addition, mm a cycle that starts from the time (22,
communication 1s performed between the output circuit 60
and the CPU 50, and a waveform request command 1s
transmitted from the output circuit 60 to the CPU 50.

In addition, mm a cycle that starts from the time (23,
communication 1s performed between the CPU 50 and the
wavetorm acquisition memory 40, and a wavelorm request
command (waveform acquisition mm FIG. 6 and a read
request 1n FIG. 8) 1s transmitted from the CPU 50 to the
wavetorm acquisition memory 40. In response to the wave-
form request command, the waveform acquisition memory
40 reads store data that 1s stored.

Then, 1n a cycle that starts from the time t24, communi-
cation 1s performed between the wavelorm acquisition
memory 40 and the CPU 50, and a waveform data reply
(acquired wavelorm data i FIG. 6 and wavelorm data
output 1 FIG. 8) 1s transmitted from the waveform acqui-
sition memory 40 to the CPU 50.

In addition, mm a cycle that starts from the time (235,
communication 1s performed between the CPU 50 and the
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output circuit 60, and a waveform data reply 1s transmitted
from the CPU 30 to the output circuit 60.

Then, 1 a cycle that starts from the time 126, communi-
cation 1s performed between the output circuit 60 and the
external device, and a waveform data reply (an acquired
wavelorm return 1 FIG. 7 and waveform data 1n FIG. 8) 1s
transmitted from the output circuit 60 to the external device.

A cycle during which the external device acquires wave-
form data 1s, for example, several hundreds of milliseconds
or a few seconds (within a range of 100 milliseconds or more
and 10 seconds or less). For example, the length of the cycle
during which waveform data 1s acquired can be preset.

Here, the field device 1 1s a device, for example, a vortex
flowmeter, an ultrasonic flowmeter, a Coriolis flowmeter, an
clectromagnetic flowmeter, a pressure gauge, or a difleren-
tial pressure gauge, but 1t 1s not limited to those listed here.

Here, an embodiment as a vortex flowmeter will be
described after a second embodiment.

The ultrasonic flowmeter 1s a device configured to calcu-
late a flow rate based on a propagation time of an ultrasonic
wave that 1s transmitted 1n a fluid, a frequency shift (Doppler
cllect) of an ultrasonic wave that propagates 1n a fluid, and
the like.

The Cornolis flowmeter 1s a device configured to detect a
Corolis force that 1s applied to a fluid and calculate a tlow
rate.

The electromagnetic flowmeter 1s a device configured to
detect an electromotive force generated in a measurement
target fluid to which a magnetic field 1s applied 1n at least one
clectrode and calculate a flow rate based on the detected
clectromotive force.

The pressure gauge 1s a device configured to measure a
pressure of a tluid.

The differential pressure gauge 1s a device configured to
calculate a flow rate based on a difference between pressures
of a fluid at a plurality of points.

The operation principle and the mounting method 1itself of
the devices listed here are based on the related art. However,
when the present embodiment 1s applied to these devices, a
measurement device such as an oscilloscope 1s not directly
connected, and a person can visually check a signal wave-
form 1n a processing process of each device.

As described above, the field device 1 can transmit
wavelorm data of a signal 1n a process of obtaining an output
value (process value) to the external device. In addition, the
external device can receive the wavetorm data and display
the wavelorm on the screen or the like based on the
waveform data. That 1s, when a communication unit
between the field device 1 and the external device 1s appro-
priately provided, the external device provided at a location
away Irom the field device 1 can check a signal wavetorm
in the processing process in the field device. In addition,
when, for example, a general purpose personal computer, a
smartphone, a tablet terminal or the like 1s used as the
external device, even 11 a special measurement instrument 1s
not provided, the above wavelorm can be observed easily.

Second Embodiment

Next, a second embodiment will be described. Here, parts
that have already described 1n the previous embodiment wall
not be described below. Here, parts specific to the present
embodiment will be mainly described.

FIG. 11 1s a block diagram showing a schematic func-
tional configuration of a measurement system according to
the present embodiment. As shown, the measurement system
includes a field device 2, the portable terminal 8, and the
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control system 9. The field device 2 1n the present embodi-
ment 18 a vortex flowmeter. That 1s, the field device 2 detects
an alternating lift that 1s generated by the Karman vortex,
processes the vortex signal, and thus computes a flow rate
based on a frequency of the vortex signal and set parameters,
and outputs the result. The field device 2 includes a piezo-
clectric element 11, a charge amplifier 12, an A/D converter
13, a frequency analyzer 21, a Schmitt trigger circuit 22, the
wavelorm acquisition memory 40, the CPU 50, and the

output circuit 60. Functions of the units shown here will be
described below.

Here, the field device 2 according to the present embodi-
ment can be regarded as one special form of the field device
1 1n the first embodiment. In this case, the piezoelectric
clement 11, the charge amplifier 12, and the A/D converter
13 correspond to the sensor 10 of the first embodiment. In
addition, the frequency analyzer 21 and the Schmitt trigger
circuit 22 correspond to the signal processor 20 of the first
embodiment. Here, in the field device 2 according to the
present embodiment, since the waveform acquisition
memory 40 acquires only one type of wavelform data, the
multiplexer 30 1n the first embodiment 1s not provided.

The piezoelectric element 11 detects an alternating lift
that 1s generated by the Karman vortex of a flmid and outputs
it as a charge signal. For example, the piezoelectric element
11 1s installed behind (on the downstream side of) a vortex
shedder bar that 1s disposed to block a flow of a fluid 1n a
pipe 1n a plant or the like, or built into a vortex shedder bar.

The charge amplifier 12 converts the charge signal output
from the piezoelectric element 11 1nto a voltage signal.

The A/D (analog-to-digital) converter 13 converts the
voltage signal (analog signal) output from the charge ampli-
fier into a digital signal.

That 1s, the piezoelectric element 11 configured to detect
a vortex wavelorm of a fluid, the charge amplifier 12
configured to convert an output from the piezoelectric
clement 11 into a voltage signal, and the A/D converter 13
configured to convert an analog signal output from the
charge amplifier 12 into a digital signal correspond to the
sensor 10 1n the first embodiment.

The frequency analyzer 21 performs frequency analysis
based on the digital signal output from the A/D converter 13
and extracts a vortex signal. The vortex signal extracted by
the frequency analyzer 21 1s a signal close to a sine wave.
The frequency analyzer 21 outputs the extracted vortex
signal. The vortex signal 1s a signal representing a vortex
wavelorm.

The Schmitt trigger circuit 22 forms the vortex signal
output from the frequency analyzer 21 into a pulse and
outputs the pulse signal. A frequency of this pulse signal
corresponds to a frequency of the above vortex signal. That
1s, the frequency of the pulse signal corresponds to a
frequency of the Karman vortex detected by the original
piezoelectric element 11. The pulse signal output from the
Schmitt trigger circuit 22 1s delivered to the CPU 50.

Alternatively, a count circuit may be provided between
the Schmitt trigger circuit 22 and the CPU 30 and a signal
of the number of pulses counted by the count circuit may be
delivered to the CPU 50.

That 1s, the frequency analyzer 21 and the Schmaitt trigger
circuit 22 obtain a pulse signal having a cycle corresponding
to a cycle of the vortex wavetorm based on the signal of the
vortex wavelorm output from the sensor and output the
pulse signal. That 1s, the frequency analyzer 21 and the
Schmitt trigger circuit 22 correspond to the signal processor
20 1n the first embodiment.
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The CPU 50 fetches the pulse signal output from the
Schmitt trigger circuit 22. Alternatively, when the above

count circuit 1s provided, a signal of the number of pulses
output from the count circuit 1s fetched. Then, the CPU 50
performs frequency calculation, flow rate calculation, cor-
rection calculation, and the like based on the number of
pulses input within a predetermined time, and outputs a flow
rate signal indicating a flow rate. A conventional technique
can be used as a process 1tself of computing a flow rate based
on the pulse signal corresponding to the Karman vortex. The
CPU 50 delivers the flow rate signal to the output circuit 60,
for example, as a pulse signal.

The output circuit 60 converts the tlow rate signal deliv-
ered from the CPU 350 into a predetermined mode and
outputs the result. The output signal outputs a flow rate
signal as, for example, a 4-20 mA analog 1nstrumentation
signal or digital instrumentation signal.

A value of the flow rate computed by the CPU 30 1n the
present embodiment 1s one type of the process value in the
first embodiment.

The waveform acquisition memory 40 acquires the vortex
signal (the signal 1n the processing process ol the signal
processor 20) delivered from the frequency analyzer 21 to
the Schmitt trigger circuit 22 as vertex waveform data. The
wavelorm acquisition memory 40 sequentially stores the
acquired wavelorm data. In addition, the wavelorm acqui-
sition memory 40 delivers the accumulated wavetform data
to the CPU 50 1n response to a wavelorm acquisition request
from the CPU 50.

For example, the CPU 50 reads wavelorm data from the
wavelorm acquisition memory 40 based on the request from
the host device. Then, the CPU 50 delivers the read wave-
form data to the output circuit 60.

The output circuit 60 converts the wavelform data deliv-
ered from the CPU 350 into a predetermined mode and
outputs the result.

Here, the connection between the field device 2 and the
portable terminal 8 or the control system 9 1s not limited to
connection according to communication of Wired, Industry
Standard, but a device-specific output port may be provided
and a device-specific communication standard may be used.

As described above, the CPU 50 included in the field
device 2 outputs tlow rate value (process value) data and
wavelorm data to the outside through the output circuit 60.
The flow rate value data and wavetform data are transmitted
to, for example, the portable terminal 8 and the control
system 9.

On the side of the portable terminal 8 or the control
system 9, when an installed program 1s executed, a wave-
form (vortex wavelorm) can be drawn based on the wave-
form data received from the field device 2 and displayed on
the screen.

Third Embodiment

Next, a third embodiment will be described. Here, parts
that have already described 1n the previous embodiments
will not be described below. Here, parts specific to the
present embodiment will be mainly described.

FIG. 12 1s a block diagram showing a schematic func-
tional configuration of a measurement system according to
the present embodiment. As shown, the measurement system
includes a field device 3, the portable terminal 8, and the
control system 9. The field device 3 1n the present embodi-
ment 1s also a vortex flowmeter as 1 the second embodi-
ment. The field device 3 includes the piezoelectric element
11, the charge amplifier 12, the A/D converter 13, the
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frequency analyzer 21, the Schmitt trigger circuit 22, the
multiplexer (MUX) 30, the waveform acquisition memory
40, the CPU 50, and the output circuit 60.

One feature of the field device 3 according to the present
embodiment 1s that the multiplexer 30 1s provided at a stage
ahead the waveform acquisition memory 40. Thus, it 1s
possible to acquire not only a signal at a specific location in
the field device but also wavelorms of signals at various
locations.

The multiplexer 30 recerves signals at plurality of stages
in the signal processing process in the field device 3,
multiplexes these signals, and supplies the result to the
wavetorm acquisition memory 40. In addition, signals at the
plurality of stages can be appropriately selected. The mul-
tiplexer 30 receives a signal of “signal selection” from the
CPU 50 and selects a signal to be output based on this signal
selection. In this case, the multiplexer 30 supplies only the
selected signal to the wavelform acquisition memory 40.
Here, in the configuration example shown 1n FIG. 12, signals
input to the multiplexer 30 are three types of signals: a signal
output from the A/D converter 13, a signal in the processing
process 1n the frequency analyzer 21, and a signal output
from the frequency analyzer 21 to the Schmaitt trigger circuit
22.

The CPU 50 appropriately supplies the signal of “signal
selection” to the multiplexer 30.

In addition, another feature of the present embodiment 1s
that a control signal from the CPU 350 1s imput to the
wavelorm acquisition memory 40. Specifically, the wave-
form acquisition memory 40 receives a signal of “fetch cycle
setting” from the CPU 50 and thus sets a cycle during which
a wavelorm 1s fetched. That 1s, 1t 15 possible to arbitrarily set
a wavelorm acquisition cycle from the side of the CPU 50.
In addition, the wavetform acquisition memory 40 receives a
signal for controlling start or stop of wavetform acquisition
from the CPU 30. The waveform acquisition memory 40
starts or stops acquiring wavelorm based on the signal of
start or stop of wavelorm acquisition.

Therefore, for example, under control of the external
device, the waveform can be acquired or transferred only
when waveform data 1s required, and an amount of infor-
mation output from the output circuit 60 can be controlled
and power consumed by the field device 3 can be reduced.

Alternatively, for example, 1t 1s possible to start or stop
wavelorm reading based on an autonomous control of the
CPU 50 so that a wavelorm 1s acquired only when an
abnormality 1s detected based on a determination process
performed by the CPU 50.

In addition, the CPU 350 may perform control such that a
wavelorm memory acquirer 40 acquires wavelform data
constantly. Then, the CPU 50 may acquire waveform data at
an arbitrary timing from the waveform memory acquirer 40.

In addition, the wavetorm acquisition memory 40 of the
present embodiment acquires a wavetorm of a pulse signal
output from the Schmitt trigger circuit 22 and stores the
wavetorm. Therefore, 1t 1s possible to output a pulse signal
in a form synchronized with the waveform of the vortex
signal or the like. Thus, for example, the external device can
display various wavelorms of vortex signals and the like and
the pulse signal output from the Schmatt trigger circuit 22 on
the screen 1n an overlapping manner, and analyze the field
device 3 more casily.

As described above, 1n the present embodiment, the same
ellects as 1n the second embodiment can be obtained. In
addition, the field device 3 (flowmeter) according to the
present embodiment can multiplex a plurality of signals, and
acquire and output wavetorm data of the signals. In addition,
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the field device 3 (flowmeter) can select and output only
wavelorm data of a required signal among a plurality of
signals.

In addition, according to the field device 3, under control

from the outside or autonomous control of the CPU 50, 1t 1s
possible to start or stop waveform acquisition.

Fourth Embodiment

Next, a fourth embodiment will be described. Here, parts
that have already described 1n the previous embodiments
will not be described below. Here, parts specific to the
present embodiment will be mainly described.

FIG. 13 1s a block diagram showing a schematic func-
tional configuration of the measurement system according to
the present embodiment. As shown, the measurement system
includes a field device 4, the portable terminal 8, and the
control system 9. The field device 4 1n the present embodi-
ment 1s also a vortex flowmeter as in the second embodiment
and the like. The field device 4 includes the piezoelectric
clement 11, the charge amplifier 12, the A/D converter 13,
the frequency analyzer 21, the Schmitt trigger circuit 22, the
multiplexer (MUX) 30, the waveform acquisition memory
40, the CPU 50, and a wireless output circuit 61 (outputter).

A feature of the field device 4 according to the present
embodiment 1s that the wireless output circuit 61 1s provided
in place of the output circuit 60 in the third embodiment.

The wireless output circuit 61 performs bidirectional
communication between it and the portable terminal 8 or the
control system 9 using a wireless signal. Specifically, the
wireless output circuit 61 transmits and receives data to and
from the portable terminal 8 or the control system 9 using
the existing wireless commumnication technology standards
such as Wi-Fi, Bluetooth (registered trademark), IrDA (In-
frared Data Association), ISA 100, WirelessHART, and
Z1gBee. Here, regarding communication that 1s performed
by the wireless output circuit 61 with the external device, a
procedure in the upper layer (a layer higher than a physical
layer) 1s the same as the procedure that 1s performed by the
output circuit 60 1n the second embodiment and the like.

That 1s, the outputter transmits waveform data to the
external device through not only wired communication but
also wireless communication.

Functions and processing procedures of units of the field
device 4 other than the wireless output circuit 61 are the
same as the functions and processing procedures of the
corresponding units in the third embodiment.

In the present embodiment, the same eflects as in the third
embodiment can be obtained. In addition, when the field
device 4 (flowmeter) according to the present embodiment
includes the wireless output circuit 61, wavelorm data can
be transmitted to the external device using a wireless signal.
That 1s, even if the external device 1s located at a position
away from the field device 4, there 1s no need to set a
communication line or the like between two devices.

Fifth Embodiment

Next, a fifth embodiment will be described. Here, parts
that have already described 1n the previous embodiments
will not be described below. Here, parts specific to the
present embodiment will be mainly described.

FIG. 14 1s a block diagram showing a schematic func-
tional configuration of a measurement system according to
the present embodiment. As shown, the measurement system
includes a field device 5, the portable terminal 8, and the
control system 9. The field device 4 1n the present embodi-
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ment 1s also a vortex flowmeter as 1n the second embodiment
and the like. The field device 5 includes the piezoelectric

clement 11, the charge amplifier 12, the A/D converter 13,
the frequency analyzer 21, the Schmutt trigger circuit 22, the
multiplexer (MUX) 30, the wavelform acquisition memory
40, the CPU 50, the output circuit 60, a device-speciiic
communication port 62 (outputter), a removable external
memory 63 (outputter).

A feature of the field device 5 according to the present
embodiment 1s that the device-specific communication port
62 and the removable external memory 63 are provided 1n
addition to the output circuit 60 in the third embodiment.
The device-specific communication port 62 and the remov-
able external memory 63 have the same function as the
output circuit 60. Alternatively, the device-specific commu-
nication port 62 and the removable external memory 63 may
have a function of only outputting data in one direction
without receiving a command and the like from the outside.

The device-specific communication port 62 1s a commu-
nication port based on an interface specification specific to
the field device 5. When the device-specific communication
port 62 1s used, 1t 1s possible to perform communication with
the external device using a method specific to the field
device 5. The field device 5 can communicate with the
external device using commands and data (output value
data, wavetform data, and the like) through the device-
specific communication port 62.

The removable external memory 63 includes a portable
recording medium and a device for reading and writing (or
a circuit) thereol. As the removable external memory 63, a
recording medium, for example, an SD memory card (SD 1s
an abbreviation of “secure digital”), a USB memory (USB
1s an abbreviation of “Universal Serial Bus™), a Compact
Flash card (“Compact Flash™ 1s a registered trademark), or
an optical disc, can be used. The CPU 30 can write data 1n
these recording mediums through a predetermined 1ntertface.
When the removable external memory 63 1s used, even 1n a
situation 1n which communication connection between the
field device 5 and the external device 1s diflicult, data
(wavelorm data and process value data (computed flow rate
data)) can be written 1n the removable external memory 63.
Then, when the removable external memory 63 1s removed
from the field device 5, another device (for example, a
general purpose personal computer) can read and use the
written data.

That 1s, the outputter writes the wavelorm data i a
removable (portable) recording medium.

In the present embodiment, the same eflects as 1n the third
embodiment and the like can be obtained. In addition, the
field device 5 (flowmeter) according to the present embodi-
ment can output wavelform data from a device-specific
communication port. In addition, the field device § (flowme-
ter) according to the present embodiment can write wave-
form data in a removable external memory. Thus, even 1n an
installation place 1n which wired or wireless communication
1s dithicult or the like, the external device can acquire
wavelorm data and display the waveform.

Modified Examples

While the plurality of embodiments have been described
above, the embodiments may be implemented as modified
examples as follows.

For example, when data (such as wavelorm data) 1s output
from the output circuit 60, the wireless output circuit 61, or
the device-specific communication port 62 or when data 1s
written 1n the removable external memory 63, encoding for
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error detection or error correction may be performed. Spe-
cifically, for example, a checksum 1s added or a cyclic
redundancy check code (CRC) 1s added. Accordingly, on the
side of the external device that uses data, 1t 1s possible to
check the accuracy of the data.

In addition, the waveform acquisition memory 40 may
acquire an analog waveform and store waveform data
thereol. In this case, the wavelorm acquisition memory 40
includes an A/D converter configured to convert a sample
value of an imput analog signal into digital data therein.

In addition, when the plurality of embodiments and plu-
rality of modified examples described above can be com-
bined, they may be implemented in combination. As an
example, the wireless output circuit 61 of the fourth embodi-
ment may be provided 1n place of the output circuit 60 1n the
field device (having no multiplexer 30) of the second
embodiment. This similarly applies to other combinations.

Here, functions (or a part thereof) of the device such as the
field device, the portable terminal, or the control system 1n
the above-described embodiment may be realized by a
computer and a program. In this case, a program for real-
izing this function 1s recorded in a computer readable
recording medium, and a computer system reads and
executes the program recorded 1n the recording medium for
realization. Note that the “computer system” here mcludes
an OS and hardware such as peripheral devices. In addition,
the “computer readable recording medium™ refers to a
portable medium such as a tlexible disk, a magneto optical
disc, a ROM, a CD-ROM, a DVD-ROM, and a USB
memory or a storage device such as a hard disk built into the
computer system. Further, the “computer readable recording
medium”™ may 1include a medium that dynamically maintains
a program for a short time like a communication line when
a program 1s transmitted via a network such as the Internet
or a communication line such as a telephone line and a
medium that maintains a program for a certain time like a
volatile memory in the computer system serving as a server
or a client 1n that case. In addition, the program may be a
program for realizing some of the above-described functions
and the above-described functions may be realized mn a
combination with a program already recorded in the com-
puter system. In addition, the program may be a so-called
firmware.

As used herein, the following directional terms “front,
back, above, downward, right, left, vertical, horizontal,
below, transverse, row and column™ as well as any other
similar directional terms refer to those instructions of a
device equipped with the present mvention. Accordingly,
these terms, as utilized to describe the present imvention
should be 1nterpreted relative to a device equipped with the
present 1nvention.

The term “configured” 1s used to describe a component,
unit or part of a device includes hardware and/or software
that 1s constructed and/or programmed to carry out the
desired function.

Moreover, terms that are expressed as “means-plus func-
tion” 1n the claims should include any structure that can be
utilized to carry out the tunction of that part of the present
invention.

The term “unit” 1s used to describe a component, unit or
part of a hardware and/or software that 1s constructed and/or
programmed to carry out the desired function. Typical
examples of the hardware may include, but are not limited
to, a device and a circuit.

While preferred embodiments of the present invention
have been described and illustrated above, 1t should be
understood that these are examples of the present invention




US 11,226,217 B2

19

and are not to be considered as limiting. Additions, omis-
sions, substitutions, and other modifications can be made
without departing from the scope of the present invention.
Accordingly, the present invention 1s not to be considered as
being limited by the foregoing description, and 1s only
limited by the scope of the claims.

What 1s claimed 1s:
1. A field device that 1s communicable with a terminal

device, comprising:

a sensor configured to detect a physical quantity and to
output the physical quantity as a sensor signal;

a signal processor configured to process the sensor signal
and to output the sensor signal as a processing result
signal;

a calculation processor configured to calculate output
value data based on the processing result signal;

an outputter configured to output the output value data to
the outside;

a multiplexer configured to multiplex the processing
result signal and a processing process signal that 1s a
signal 1n a processing process in the signal processor;
and

a wavelorm acquirer configured to store wavetorm data of
the processing result signal and the processing process
signal, which are multiplexed by the multiplexer,

wherein the calculation processor 1s configured to set a
fetch cycle of the waveform data to the wavetorm
acquirer or control starting of fetching the waveform
data,

wherein, when the field device receives a waveform
request command from the terminal device, the calcu-
lation processor 1s configured to acquire the waveform
data of the processing result signal and the processing
process signal from the wavelorm acquirer in accor-
dance with the fetch cycle or the starting, and to
transmit the waveform data via the outputter to the
terminal device, and

wherein the multiplexer 1s configured to recerve, from the
calculation processor, a signal of signal selection for
selecting one of the processing result signal and the
processing process signal, and the multiplexer 1s con-
figured to multiplex the processing result signal and the
processing process signal when the signal of signal
selection 1s sequentially changed at predetermined time
intervals.

2. The field device according to claim 1,

wherein the calculation processor 1s configured to 1nstruct
the waveform acquirer to start acquisition of the wave-
form data or to instruct the wavelform acquirer to stop
acquisition of the waveform data.

3. The field device according to claim 1,

wherein the calculation processor 1s configured to output
the wavelorm data via the outputter to the outside
through wireless communication or wired communica-
tion.

4. The field device according to claim 1,

wherein the calculation processor 1s configured to write
the wavelform data mn a recording medium that 1s
removable from the field device.

5. The field device according to claim 1,

wherein the sensor comprises:

a piezoelectric element configured to detect a vortex
wavelorm that 1s generated 1n a fluid; and

an AD converter configured to convert an analog signal
output from the piezoelectric element mto a digital
signal,
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wherein the signal processor 1s configured to output a
pulse signal having a cycle of a digital signal of the
vortex wavelorm based on the digital signal of the
vortex wavelorm output from the sensor, and

wherein the calculation processor 1s configured to calcu-
late a flow rate of the flmd as the output value data
based on a frequency of the pulse signal and informa-
tion about a preset tlow path.

6. The field device according to claim 5,

wherein the signal processor comprises:

a Irequency analyzer configured to perform frequency
analysis based on the digital signal output from the AD
converter and to extract a vortex signal; and

a Schmitt trigger circuit configured to form the vortex
signal output from the frequency analyzer into a pulse
and to output a pulse signal to the calculation processor.

7. A system comprising;:

the field device according to claim 1; and

an external device configured to display the waveform
data output from the field device on a screen.

8. The system according to claim 7,

wherein the calculation processor 1s configured to instruct
the wavetform acquirer to start acquisition of the wave-
form data or to instruct the waveform acquirer to stop
acquisition of the wavetorm data.

9. The system according to claim 7,

wherein the calculation processor 1s configured to output
the wavelorm data via the outputter to the outside
through wireless communication or wired communica-
tion.

10. The system according to claim 7,

wherein the calculation processor 1s configured to write
the wavelform data mm a recording medium that 1s
removable from the field device.

11. The system according to claim 7,

wherein the sensor comprises:

a piezoelectric element configured to detect a vortex
wavelorm that 1s generated 1n a fluid; and

an AD converter configured to convert an analog signal
output from the piezoelectric element mnto a digital
signal,

wherein the signal processor 1s configured to output a
pulse signal having a cycle of a digital signal of the
vortex wavelorm based on a digital signal of the vortex
wavelorm output from the sensor, and

wherein the calculation processor 1s configured to calcu-
late a flow rate of the flmd as the output value data
based on a frequency of the pulse signal and informa-
tion about a preset tlow path.

12. The system according to claim 11,

wherein the signal processor comprises:

a Irequency analyzer configured to perform frequency
analysis based on the digital signal output from the AD
converter and to extract a vortex signal; and

a Schmitt trigger circuit configured to form the vortex
signal output from the frequency analyzer into a pulse
and to output a pulse signal to the calculation processor.

13. A method of outputting waveform data from a field

device that 1s communicable with a terminal device, com-

60 prising:

65

detecting, by a sensor, a physical quantity, and outputting,
the physical quantity as a sensor signal;

processing, by a signal processor, the sensor signal, and
outputting the sensor signal as a processing result
signal;

calculating, by a calculation processor, output value data
based on the processing result signal;
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outputting, by an outputter, the output value data to the
outside;

multiplexing, by a multiplexer, the processing result sig-
nal and a processing process signal that 1s a signal in a
processing process in the signal processor;

storing, by a wavelorm acquirer, waveform data of the
processing result signal and the processing process
signal which are multiplexed by the multiplexer;

setting, by the calculation processor, a fetch cycle of the
wavelorm data to the wavelform acquirer or controlling
starting of fetching the waveform data;

when the field device receives a wavelorm request com-
mand from the terminal device, acquiring, by the
calculation processor, the wavelorm data of the pro-
cessing result signal and the processing process signal

from the waveform acquirer in accordance with the

fetch cycle or the starting, and transmitting the wave-

form data via the outputter to the terminal device;

receiving, by the multiplexer, from the calculation pro-
cessor, a signal of signal selection for selecting one of
the processing result signal and the processing process
signal; and

multiplexing, by the multiplexer, the processing result
signal and the processing process signal when the

signal of signal selection 1s sequentially changed at
predetermined time 1ntervals.

14. The method of outputting wavetform data according to

claim 13, further comprising:

instructing, by the calculation processor, the waveform
acquirer to start acquisition of the waveform data or
istructing the wavetform acquirer to stop acquisition of
the wavetform data.
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15. The method of outputting waveform data according to

claim 13, further comprising:

outputting, by the calculation processor, the wavelform
data via the outputter to the outside through wireless
communication or wired communication.

16. The method of outputting wavelform data according to

claim 13, further comprising:

writing, by the calculation processor, the waveform data
in a recording medium that 1s removable from the field
device.

17. The method of outputting wavelform data according to

claim 13,

wherein the sensor comprises a piezoelectric element and
an AD converter, and

wherein the method of outputting wavetform data further
COMprises:

detecting, by the piezoelectric element, a vortex wave-
form that 1s generated in a fluid;

converting, by the AD converter, an analog signal output
from the piezoelectric element 1nto a digital signal;

outputting, by the signal processor, a pulse signal having
a cycle of a digital signal of the vortex waveform based
on the digital signal of the vortex wavelorm output
from the sensor; and

calculating, by the calculation processor, a tlow rate of the
fluid as the output value data based on a frequency of
the pulse signal and information about a preset flow
path.
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